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Abstract. The development of highly efficient photocatalysts represents a
promising approach to the removal of pharmaceutical contaminants from aqueous
media. The photocatalytic activity of materials is determined by their structural
and photoelectrochemical properties. In this study, the structural, morphological,
photoelectrochemical, and photocatalytic properties of SrTiO,-based photocatalysts
synthesized at various calcination temperatures were investigated. SrTiO, was
synthesized at temperatures ranging from 800 to 1100°C. The phase composition and
crystal structure of the obtained samples were investigated using X-ray diffraction
(XRD), while their morphology and particle size were examined using scanning
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electron microscopy (SEM). SEM images were taken of all synthesized samples, and
a comparative analysis of the effect of calcination temperature on particle morphology
and size was conducted. To evaluate the photoelectrochemical properties of the
materials, studies of the time dependence of the photocurrent and a Mott-Schottky
analysis were performed. The results of the photocurrent measurements allowed us
to evaluate the samples’ ability to generate and transport charge carriers under the
influence of light, while the Mott-Schottky analysis enabled us to determine their
semiconductor properties and energy parameters.

The photocatalytic activity of the synthesized samples was evaluated based on the
degradation of the antibiotic levofloxacin (LEV) under ultraviolet irradiation. Among
the materials studied, the highest photocatalytic activity was observed in sample STO-
1. After 90 minutes of ultraviolet irradiation, the degree of levofloxacin degradation
reached 97.35%. The results of XRD and SEM analyses showed that the STO-1
sample possessed high crystallinity and relatively small particle size. Photocurrent
analysis and Mott-Schottky analysis allowed us to characterize the sample’s charge
transport properties, which is consistent with its high photocatalytic activity. The
results demonstrated a correlation between the structural and photoelectrochemical
characteristics of the SrTiO, material and its photocatalytic properties. Thus, it was
established that the synthesis temperature is a decisive factor determining the properties
of SrTiO,-based photocatalysts, and that the STO-1 sample, obtained under optimal
conditions, exhibits high efficiency in the photocatalytic degradation of levofloxacin.

Keywords: photocatalysis, photocatalytic activity, photodegradation of antibiotics,
strontium titanate, levofloxacin
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Annortanusi. JKorapel THIMII (OTOKaTaIN3aTOPIApAbl d3ipiey Cy OpPTAChIHIAFbI
(apMaleBTUKANBIK JACTAFBIIITAPAbl JKOIOABIH TEPCIEKTUBANB  OarbIThl  OOJBII
TabbuIagbl. Marepuaigap/elH  (OTOKATATUTHKANBIK  OCJICCHIIITT  OJapiblH
KYPBUIBIMIBIK, K9HE (OTOIIEKTPOXUMHUSUIIBIK KACHETTEpIMEH aHbIKTanaabl. by
JKYMBICTa SPTYPJIl KYHIIpy Temriieparypaiapbinaa cunresnenren SrTiO; Herizingeri
(doTokaTanuzaTopaapAblH, KYPbUIBIMIBIK, MOP(GOIOTHSIIBIK, (HOTOIIEKTPOXUMUSIIBIK
KoHe (hoTOKaTanuTHKAILIK Kacuerrepi seprreni. SrTiO, cuuresi 800-1100°C
TeMIeparypa apajibIFbIHIA >KYPri3uimi. AJbBIHFaH YIATUIEpAiH Qas3alblk Kypambl
MEH KPHCTAIJBIK KYPBUIBIMBI peHTreHaik andpakuusislk tangay (PHAT) omicimew,
an  Mop(oNOrHsICEl MEH OOJILIEKTepiHiH oJIIeMi CKaHeplieyll 3JIeKTPOHIBIK
mukpockonusi (COM) apkbuisl 3epTTenai. bapnsik cuntesenren yariiep ymin COM
KECKIHJEepl aJbIHBIN, KYHIIpy TeMIepaTypachblHbIH OeJIEeKTepaiH MOPQOIOTHsCH
MEH eimeMIepiHe ocepi caJbICTBIpMaNbl TYpAe TaldaHasl. MaTepuangapabiH
(hOTOIMEKTPOXUMUSIIBIK KACHETTEpiH Oarajay YIIiH (POTOTOKTBIH yaKbITKA TOYEIITIri
xoHe MotT-1lloTTKH Tammaysl xypriziai. DOTOTOK HOTHIKENEP] YITUISPAiH KapbIK
OCEepiHEH 3apsJi TaChIMAJAyIIbUIAPbIH TeHepalusuiay JXKoHEe TachiMaijiay KaOineTiH
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Oaranayra, an MotT-LLIOTTKM Tanpaysl KapTbulall OTKI3TIIITIK KACHETTEPiH KOHE
9HEPreTUKANBIK TapaMeTpiiepiH aHbIKTayFa MYMKIHIIK Oepi.

CuHTe3lleNreH  YIrUIepAiH  (OTOKATATUTUKANBIK OEJICeHIITIrT aHTHOMOTHK
nesoduiokcaunuHiy (JIEB) yapTpakynrin coyneneHy »ardalbIHIAFbl Aerpagaluschl
apkbUIbl  OaranaHIpl. 3epTTENreH MaTepHalAapAblH  apachblHAAa €H JKOFaphl
(dorokaranutukaneik Oencenautik STO-1  yariciame Oaibikanabl. 90 MUHYTTBIK
yABTPAKYIriH CoyleleHylAeH KeiiH JeBo(IOKCAMHHIH Jerpajanus Jopexkeci
97,35%-ra xerti. PHT xome CDOM wnotmkenepi STO-1 yariciHiH Korapsl
KPUCTAIABUIBIK ~ JI9PEKECIMEH KOHE CalbICTHIpMalbl TYpAE IIaFblH — Oemiex
OJIIIIEMIMEH CHIMAaTTaNaThIHbIH KepceTTi. PoToTok xoHe Mott-LloTTKN Tangayrapst
OCBI YJTiHIH THIMII 3aps]] TackIMajlay KacHEeTTepiH CHMATTalbl, Oy OHBIH KOFaphl
(orokaranuTuKanbK OenceHaiNiriMen colikec keneni. Asnbinran notwkenep SrTiO,
MaTepPHAIBIHBIH KYPBUTBIMIBIK oHE (DOTOIEKTPOXUMUSIBIK CHUIATTaMalapbIHbIH
(oTOKAaTANUTUKANBIK KacHeTTEpMEH e3apa OaillaHbiChiH KepceTTi. Ochpliaiia,
cuntes Temneparypachl SrTiO, Herizinmeri (poTOKaTann3aTopiaapiblH KacHETTEPIH
AQHBIKTAUTBIH MaHbI3Abl (AKTOp OOJNBIN TaOBUIATHIHBI JKOHE OHTAMIBI JKarnaiaa
anpiaFal STO-1  yariciniH  neBoduokcaunHAl  (OTOKATaIUTHUKAIBIK —BIIBIpaTyAa
YKOFapbl THIMJTITIK KOPCETETiHI aHBIKTAIJIBI.

Tyiiin ce3mep: porokaraius, HOTOKATATUTUKAIBIK OCICEHIUTIK, AHTHOMOTHKTEPIIH
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AHHOTAIUSL. Pa3paborka BBICOKO3(DPEKTUBHBIX (hoToKaTaNIU3aTOPOB
MpeACTaBsieT cOOOW TEpPCHEeKTUBHBIA TIOAXON K YHAICHUIO (apMaleBTHUSCKUX
3arps3HATENICH M3 BOAHBIX cpea. DoTokaramuTHyeckass aKTHBHOCTH MaTepHajioB
OTpENENSIETCS WX CTPYKTYpHBIMH U (POTORIEKTPOXUMHUYECKUMH  CBOWCTBAMH.
B nanHOW paboTe OBLIM  HCCIEIOBAHBI  CTPYKTypHbIE, MOPQOJOrHYeCcKue,
($OTOIMEKTPOXUMUYECKHE B (POTOKATAIUTHYECKUE CBOWCTBA (POTOKATAIN3ATOPOB Ha
ocHoBe SrTiO,, CHHTE3MPOBAHHBIX NPU PA3IMYHBIX TEMIIEPATYpax MPOKAIMBAHHUS.
StTiO, cunresuposanu mpu temmneparypax ot 800 go 1100°C. da3oBblii cocTaB u
KpUCTAJUTMYECKast CTPYKTypa MOIy4YeHHBIX 00pa310B OBUIN HCCIIEOBAHBI C TIOMOIIBIO
pentrenoBckoi audpakuuu (PAA), a ux MophoIoTHs U pa3Mep YaCTHUI[ — C IIOMOIILIO
CKaHHPYIOIEH 21eKTpoHHOM Mukpockonuu (COM). [lns BceX CHUHTE3UPOBAHHBIX
obpazuoB Obn  caenanbl COM-CHUMKH, ¥ OBUIO TPOBEACHO CPaBHUTEILHOE
aHaJIM3UPOBaHHUE BIMSHUS TEMIIEpaTypbl MPOKaJMBaHWs Ha Mopdoioruio u
pasmepsl dactuil. [ oneHKd (OTOIIEKTPOXUMUYECKUX CBOHCTB MaTrepruaioB ObLIH
MIPOBE/ICHBI UCCIIEIOBAHUSI BPEMEHHON 3aBUCHUMOCTH (DOTOTOKA M aHAU3 TI0 METOILY
Mortra-lorTku. Pe3ynbrarsl n3amMepeHus: GOTOTOKa O3BOJIMIN OLEHUTH CIIOCOOHOCTD
00pa3IoB reHepHpOBaTh U TPAHCIOPTUPOBATH HOCUTENH 3apsijia MoJ BO3ACHCTBHEM
CBeTa, a aHanu3 1o mMerony Morra-IIIoTTKH — onpenennuTs UX MOJIYIPOBOJHUKOBBIE
CBOWCTBA U DHEPTETHUYECKUE TTAPaMETPBhI.

doTokaranuTHYECKas AKTHBHOCTh CHHTE3WPOBAHHBIX 00pa3loB OICHHBAJACh
Mo pasziiokeHuto aHTHOMOTHKa JeBoduiokcanmHa (JIEB) mox Bo3zaelicTBreM
yabrpaduoneroBoro m3nyuenus. Cpean HCCIEJOBaHHBIX MaTepUaoOB HauOOJNbIIAs
(doTokaranuTUUecKas akKTUBHOCTh HaOmonanack y oopasua STO-1. [Tocne 90 MuHyT
yABTPa(HOIETOBOTO OOIyYEHHUSI CTENeHb pPa3IoKeHHs JIeBO(IOKCAI[MHA JIOCTHIYIA
97,35 %. Pesynbrarel PIIA u COM ananu3oB nokasaiu, 4ro odpaser; STO-1 obmaman
BBICOKOH KPHCTaJUIMYHOCTHIO M OTHOCHUTENBHO HEOONIBIIMM pa3MepoM YacTHIl.
Ananuz oToTOKa 1 aHaIu3 1o Metoy MotTta-1LloTTkH 03BONINIIH OXapaKTepH30BaTh
3¢ (heKTUBHBIE CBOMCTBA 00pa3iia 1o MePEHOCY 3apsi/ia, YTO COMIACYETCs C €0 BICOKOH
(oToKaTaNUTUIECKOW aKTUBHOCTHIO. [10TydeHHbIC pe3yabTaThl IPOIEMOHCTPUPOBAIH
B3aMMOCBSI3b MEXKY CTPYKTYPHBIMHU U (POTOAIEKTPOXUMHUUECKUMH XapaKTEPUCTHKAMH
marepuana SrTiO, m ero (oTokaranMTUYECKUMH CBOWCTBaMH. Takum o0OGpasom,
OBUIO YCTaHOBJIGHO, YTO TEeMIIepaTypa CHHTE3a SIBJISETCS PElIaroluM (aKkTopoM,
ONIPEENIONINM CBOKCTBa (poToKaTamu3atopos Ha ocHose SrTiO,, u uto obpasen STO-
1, MONTyYeHHBIH B ONTUMAIIBHBIX YCIOBUSIX, IEMOHCTPUPYET BBHICOKYIO 3(pheKTHBHOCTD
pu (HOTOKATATUTUIECKOM Pa3JIOKESHUH JIeBO(IOKCAIIHA.

KawueBbie  cioBa:  ¢orokaranus,  QoTokaramuTH4yecKas ~— aKTHBHOCTD,
(dotonerpanaiys aHTUOMOTUKOB, TUTAHAT CTPOHIIUS, JICBO(IOKCALIUH
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Kipicne. ABO, nepoBCKHUT KypbUIbIMBI 6ap OKCHATED, ararn alTKaHaa CTPOHIMH
tutanarel SrTiO, (STO), KoFapbl XUMHUSIIBIK JKOHE KYPBUIBIMIBIK TYPAKTBUIBIFbIHA
OalinaHbIcThl (hOTOKAaTaNM3aTOpiap YLIiH MaTepuai peTiHlIe KeHiHEH KOJJIaHbLIaIbl
(Odabasi Lee et al., 2024; Kaiya et al., 2024; Xin et al., 2025; Patial et al., 2020).
Herenmen, SrTiO,-Ti KomIanybIH MEKTEYIT (HAKTOPBI KPUCTATIBIK KYPHUIBIMHBIH
OetiHze Ae, iiHAe Jie 3IEKTPOH-TECIK JKYNTAPBIHBIH PEKOMOUHAIMSCHIHBIH KOFaphl
KBUIIAMABIFBI OOJNBIN TaObUIaAbl. By ImekTeydi eHcepy YLIIH KYPBUIBIMIBIK >KOHE
KYpaMIbIK OHTaHIaHABIPY/AbI JKaKCapTYIBIH OPTYPIIi 91iCTepi KOAAAHbLIa bl AJABIHFBI
3eprTeylepiMizae cuHTe3 Temreparypachinbiy SrTiO, yirinepiHin KypbUIBIMIBIK
epeKIIeNiKTepi MEH KaTaJUTHKaJblK KacHeTTepiHe, COHJai-aKk OpraHMKaJbIK
OOSFBIIITHIH bIABIpAY THIMALTITIHE acepi KapacTeIpbuiabl (Kuspanov et al.,, 2024;
Wang et al., 2022). Kyiigipy TeMmmepaTypacblHbIH KPUCTAJUIMTTEPAIH MeJIepiHe
aliTapnbIKTaii ocep eTeTiHi aramn eTiIedl, Oy 03 Ke3eriHje alblHFaH MaTepHaaapIbiH
(hoToKaTaNMUTUKAIBIK OCIICEHILTITIH Tikenel anpikTaibl (Serik et al., 2024). AFbiHabI
CyIap Ker KOMIIOHEHTTi Kylenep eKeHiH ecKkepcek, poToKaTaan3aTopiapra KOWbIIaThIH
MaHbI3/IbI Tas1al 9MOeOanThIK 00BN TaObLTaabl. DoTOKaTaTIH3aTOPIAPIB! TOKIPHOEITIK
KOJIJaHy OpTYpJil XMMUSUIBIK CHUIATTaFbl JIacTayllbl 3aTTaplAblH THIMIIL BIIBIpAY
MYMKiHiriHe OainaHbicThl. JlereHMeH, aFbIH bl CyIap/bl JIaCcTayIIbl 3aTTapbIH aTyaH
TYpiHEH (apMaleBTHKAIBIK KOCBUIBICTApFa, aTal aWTKaHAa KYpHesli MOJIEKYJIalbIK
KYPBUIBIMBIMEH KOHE OHOerpalalusra XOrapbl TO3IMIUITIMEH epeKIIeICHeTIH
aHTHOMOTHKTEpTe epekiie Hazap ayaapbuiaisl (Yang et al., 2024; Porrawatkul et al.,
2024; Wangetal.,2025). Ocpiran 0ailaHbICTBI CyJIbI OPTa1a eKiJaiIbl aHTHOMOTHKTEPAI
KOKOIBIH (pOTOKATANUTHKAIBIK THIMALTITIHE SrTiO, (oTOKaTaNn3aTopbin TEPMHUSIBIK
OHJICY/IIH dCEPiH 3epTTey KhI3bIFYIIBUILIK Tynbipaasi(Rabuffetti et al., 2010; Iriani et
al., 2024). Ekinaiinel aHTHOMOTHK peTiHAe QTopxuHONOHAap ToObIHA *araThiH JIEB
TaHAaJI/1bl, OJI CYJIbl OPTAaJia JKOFapbl XUMHUSIIBIK TYPAKTBUIBIKIICH CUIIATTaIaThIHABIKTaH
KJIACCUKAJIBIK 9/IiCTePMEH k00 ote TuiMci3 ( Xu et al., 2023; Saya et al., 2022; Chen
et al., 2025; Mathur et al., 2021).

ANIBIHFBI  3€pTTEY HOTHKEJIEpiHe CyHEeHCeK, METHJEH KOK OOSFBIIIBIHBIH
bitbIpaybl Kesingeri SrTiO, (oTokaTanu3aropbiHbIH KYPBUIBIMIBIK CHITATTAMAIAPbI
MeH (oTokaranuTUKaNBIK KacuerTepi 3eprrenreH eai (Kuspanov et al., 2024). byn
KYMBIC OCBHI (DOTOKaTaIM3aTOPAbIH KOJAAaHy asChlH KEHEWTy MakcaThlHIa Oacka na
JIACTAFBIIITAP/IBI, COHBIH ilIHJIE JIEBOGUIOKCAIIUH aHTUOMOTHUTIHIH BIIBIpAY MPOIECIH
3eprreyre Oarbitranbl. by skymbicra SrTiO, porokaranusaropbinbie cuntesi 800-
1100°C kyiaipy Temieparypachl AMana3oHbIHAA KY3ere acblpbliaabl. CHHTE3enreH
KOMIIO3UTTEPiH KYPBUIBIMIBIK JKOHE KYpaMmJIbIK KaCHETTepi PEHTIeHAIK Au(paKIus
woHe COM ojicTepiMeH CHITaTTa b,

3eprrey marepuanaapbl MeH dgicrepi. Marepuannap: Anaras (TiO,, Tasanbirs!
99,7%, Sigma-Aldrich) momudukanusceianarel tutan (IV) muokcumi, cTpoHIU
HUTPATHI (Sr(NO3)2, >98%, Sigma-Aldrich), KBIMBI3IBIK KBIIIKBIIBI JUTHIPATHI
((COOH),, 99%, Sigma-Aldrich), yaerpa Tasa cy (Elga Purelab Quest UV).

SrTiO3 (hoToKaTaNM3aTOPBIHBIH CUHTE3I.

800, 900, 1000 »ome 1100°C temmneparypana kyiuaipyre meiin SrTiO, cunresi
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KYMBICTA CHUMATTAIIFaH dJicTeMe OOMBIHIIA XUMHUSIIBIK TYHIBIPY 9AICIMEH KYpriziiai
(Kuspanov et al., 2024). Yarinep coiikecinme STO-1, STO-2, STO-3, STO-4 perinzge
OenrijeHmi.

DOTOKATATUTHKAJIBIK PEAKIIHSL.

STO ynrinepiniH QOTOKaTaTUTUKAIBIK OCICEHIITITIHE KOHE CYJIbl MaTPHULAJAFbI
JIEB sbiaplpay gopexkeciHe 3eprrey okyprizinmi. ToxipuOenep (GOTOXUMHSIBIK
peaxkTopia ChIHAN LIAMBIHBIH coynedeHyimMen xkypriziaai (Xi'an Toption Instrument
Co., Ltd, 300 Bt). 10 mr/n kornentpanusaarel 50 mut JIEB epitinagicine 20 mr STO
yJirici Kochuiabl. EpiTiHIi aacopOnusIbiK-1eCOPOIUSIIBIK TENe-TeHIIKKE KTy YILIiH
Kapanrpiga 30 MUHYT OOHBI apajacThlpy apKbUIbl YCTalbl, (OTOKATATUTHKAIBIK,
aKTHUBTIIK OarajaybIHBIH CypeTTepinie cyp ¢oHMeH kepcerinai. 90 MUHYT iwmiHae
opOip 15 MUHYT caliblH peakUUsIIBIK epITIHAiAeH 1 MJI amuKBOTanap aiblHIbI.
Copan xeiiin onap QoTokaranuzarop OexmexkTepiH epitiHaineH Oeny yuin PVDF
MeMOpaHabIK cy3rici (keyek eimmemi 0,22 MKM) apKbUIbl ©TKI3iai, COAaH KeHiH
JIEB xonnentpauusicel 290 HM TOJKBIH Y3bIHABIFBIHAA YIBTPaKYJITiH-KOPIHETIH
CHEeKTpo(OoTOMETp KOMETIMEH aHBIKTAIIIbI.

blneipay Tuimainiri keneci gpopmyna 6oiibinma ecenrenai (Yuan et al., 2024):

Cr

n(%) = (1-2) = 100% 1)
o

MyHJIarbl M — biabpay Koddouuuenti (%), C, — aHTUOMOTHKTIH OacTarKpl
KOHIIGHTPAIUChI (MI/J1), a Ct— AHTUOMOTHKTIH t YaKBITHIHAAFBl KOHIICHTPAITHSICHI
(mr/m).

Yori cunarraMacs! (KYpbUIBIMJIBIK, CIIEKTPIIIK KaCHeTTepi).

KypsIiabsIMbI MEH 271eMEHTTIK KypaMbIH 3epTTey 15 kB-Ka feiinri kepaeyze )KyMbIC
icreiiTin Quanta 3D 2001 (FEI, AKII ) COM apkpuibl xyprizinai. bacrankpl xoHe
MOJIU(UKANMSIIAHFAH YITUICPIIH KPUCTAIIBIK KYPBUIBIMBI MEH (hazajblK KypaMbl
TOJIKBIH Y3BIHABIFEI 1,5406 A 6onareir D8 ADVANCE om6e6arn kenreHinze (Bruker,
I'epmanust) PAT apkpuibt 3eprreni. XKymbic napamerpiepi 40 kB, 40 MA, OypeIintap
nuamnazonsl 20-20°-ran 70°-ka neiiin 6omael.  DOTOEKTPOXUMISUIBIK CHITATTaMalIap
Corrtest CS310M  SHEKTPOXUMUSIIBIK JKYMBIC CTAHIMSCHIHAA CTAaHAAPTTHI VI
ANIEKTPONTHl YSIMIBIKTa KYprizimai. JKymeic anmekTponsiH gaibiHgay yuiiH FTO
oliHeKkTepiHe (Qorokaramu3aTop yirici meH Nafion epriHimici OipKeaKi >KarblLiblI,
kenripinred. CaJIbICTBIPY JKOHE KOCAJKbl 3JICKTPOATAp peTiHAC colKkeciHme Ag/
AgCl (kanbikkan KCI) jxoHe IutaTuHa ChIMbI KOJIAHBLILIBL. DIeKTpoauT petinae 0,5
M Na,SO, cynbl epiTingici naiaananbuiabl. bapisik eameynep KyarTbuibiEbl 300 Bt
KCEHOH IIaMbIHBIH JKapbIFbl aCThIHJA OPBIHAANABL. TypakThl (OTOAFBIM JTHHAMHKACKI
JKapBIKTHI IEPHOJITHI TYPJIE KOCy/omIipy (3KapblK KOCYIbI/SKapbIK OLTIPYITi ) UKIepiHIe
1,0 B norennmanna (Ag/AgCl-re KaTblCThl) XpOHOAMIIEPOMETPHS 9JIICIMEH TIPKEIIIi.

HoTm:kenep MeH Tajakpuiayiaap. 1-cyperre COM kemerimen ansiaran STO-
1 (la-cyper), STO-2 men STO-3 (la, O-cyperrtep) xoHe STO-4 (1B-cyper)
YIATIICPiIHIH — MHUKPOKYpbUIbIMAApel  OepiireH. COM  Tanmaybl KOpPCETKEHICH,
Kyiaipy temmneparypacbiably 800°C-tan 1100°C-ka geiiin OipTiHAen »KOFapbUIaybl
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OeIIIeKTep MOILIEPiHIH YIFaIObIHA KOHE aIIOMEPaLUsIHBIH apTybIHA OKeIAl. ApajbIK
temneparypanapaa ansiaran STO-2 xone STO-3 yarinepi Oenmexrepnin OipTiHaen
ipineny ypaicin kepcerce, 1100°C remneparypana ennenren STO-4 yarici (1B-cyper)
KOFapbl TeMIlepaTypajarbl KpUCTAUIMTTEPAiH OeliceHal ecyiHe OailnaHBICTBI ipi
arperartapiIbslH Ty3inyimMen cumnartainbl. Kepiciame, STO-1 yarici (1(a)-cyper)
MarepuaiablH Oykin OeriHe Oipkenki TapaifaH ycak OeJIeKTepAeH TYpaTbiH
KYPBUIBIMIIBI cakTan Kanisl (Aravinthkumar et al., 2022).

Cyper 1. STO-1 (a), STO-2 (), STO-3 (0) sxone STO-4 (B) COM xkeckinaepi.

Byn seprreyne oprypni  Temmeparypaiblk pexumae cunresaenaren  SrTiO,
YATiNepiHiH KPUCTANIBIK KYPBUIBIMBI MEH (pa3aiblK KypaMblH aHbiKTay yira PJ(T
OpBIHIAJABI. AIBIHFAH AuQpakTorpamMmaniap OYpbIH >KapUsUIAHFAH HOTIDKEIEPMEH
TOJIBIK COMKEC KeJIEl JKOHE SrTiO3 MIEPOBCKHUT KYPBUIBIMBIHA TOH IMUKTEP/Ii, COHAAN-aK
SrCO, kocna (hazachina )KaraTblH aHATIOIThI peduiekcrepai kopcereni (Kuspanov et al.,
2024). ATanraH COMKECTIK KalTamaHOa bl CHHTE3 HOTHKEC1 MCH MaTeprajl KPUCTAIBIK
KYPBUIBIMBIHBIH TYPAKTBUIBIFBIH pacTaifpl (2-cypeT). AJBIHFAH AUPPAKIHSIIBIK
muarpammanap ICDD #860178 wmomimertep 0a3ackiHa coiikec Pm-3m KeHiCTIKTIK
TOOBIMEH KyOTBIK CHHIOHHMsAFA jkaTaThiH SrTiO, MepOBCKUTTIK KYPHUIBIMBIHA COMKEC
keneni. ConpiMeH Oipre Kyiipy temreparypacbiabiy 1100°C-ka neiiiH xorapbliaybl
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TUGPAKIUSITBIK MAKCUMYMIAP/IbIH KaPKbIHIBUIBIFBIHBIH CaJIBICTBIPMAJbl OipJIiriHiH
endyip apTybIMeH Karap skypemi, Oyn tysinerin SrTiO, da3achiHbIH KpUCTANIBIK
JOpEeXKECiHIH JKOFapblIayblH KOPCETE].

KapKbiHABLIBIK, (¢.0.)
——
e
e
w
-
¢
{

20 30 40 50 60 70

Cyper 2. PerTrenik 1udpaknnsuIblk Taanay HOTHKENIepi.

3(a) cyperre STO-1, STO-2, STO-3, STO-4 xomno3urrepiHiH (HOTOTOK
KHUCBIKTaphl KOPCETiAreH. AJIBIHFaH AEPEKTepre CoMKec, 5 JKCIEPUMEHT LUKIIHEH
keilin  STO- 1  (OTOTOKTBIH JKOFapbIpaKk THIFBI3ABIFBI  Oaiikamaabl. by
(doToreHepanysIIaHFaH TAaChIMAJIAyIIbUIAPAbIH THUIMAI OOJHTeHIH >KOHE TOTBIFY-
TOTBIKCBI3AaHy TpoleciHe KeOipeK 3JEKTPOHIAp MEH TEeCIKTep/iH KaTbICAThIHBIH
KepceTeni, am Oyl ©3 Ke3eriHae KaTaJu3aToOpAblH  (OTOKATATUTHUKAIBIK
OenceHainirinig aptybiHa ansin keneai. MoTrt-LloTTku rpadukTepini oH Kendeymiri
(3(a) cyper) cunresaenren STO-1, STO-2, STO- 3 xxone STO-4 KOMITO3UTTEPIHIH N-
TUNTI XKapThlIaid OTKI3TILITEep eKeHiH PacTaiIbl.

(a) 91 e~ STO-1 ——ST02 ——ST03 ——STO4 (9) ] STO-1
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= E = =
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E o 100 4
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24
E 50 4
14
) &-J 0
120 160 280 -1.0 g 0 ns Lo 1.5
Yakwr {cexyna) Ag/AgCl-re kaTeicTs noTenunan (B)

Cyper 3. ®otoTtok THIFBI3ABIFH (2), Mott-Schottky rpadukrepi (2).
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Cuntesnenren komnosutrep yurH JIEB QoTokaranuTuKanblK BIABIPAYBIHBIH
IKCTIIEPUMEHTTIK JepekTepi 4-cyperte KenTipiareH. dorokaranus3 ChIHAKTaphl
YABTPAKYITiH JKOHE KOpIHETiH KapblK chekTpinae 90 MUHYT OOMBI >Kyprizinmi.
Hderpamanms KHUCBIKTapblHAH KOpPIHIeHIACH, (OTOKATANM3aTOPChI3 JKYPri3uirexH
¢doronuTuKaibIK BIABIPAY (poTonnz) 90 MUHYT coyieneHaipy OapbIChIHAA JIACTaYyIIbI
3arThl  e3airineH ~40%-fa bIIbIpaiThiHBIH  KopceTTi. An STO-1 koMmo3uTin
KOJIJaHFaH/1a TPOIIECTiH KHHETUKACHI eJICYITi TYPAE Ke IS e, 3aTThIH KOHEHTPAIHsChI
Heuire nediin TeMenpaeiai. JIEB 10 Mr/a KOHIICHTpAIUSCHIMEH JerpajaiusChIHbIH
tuimainiri STO-1 komno3unwmsice! yiin 97,35% xypansr, an STO-2, STO-3, STO-4
yJrinepi yurin cobikecinme 90,3%, 72,7% xone 81,26% kypazst (4 (a) cypet). STO-
1 THIMALNITIHIH JKOFapbulaybl (OTOTCHEpAaLMsUIAHFaH 3apsii TachIMallaylIbUIap bl
0oy »oHE TachlMajjay YIUiH KOJNAWIbl »KaFgald >kacail alaTblH KYpPBUIBIMIBIK
cUIaTTaMajap/AblH OHTANIbI YillieciMiMeH OainanbicTel 60ysl MyMKiH (Vinod Kumar
et al., 2024).

[IponecTin oHTaiIBl MapaMeTpiiepiH aHBIKTAy YIUiH KaTalu3aToOp MacCachIHBIH
STO-1 xome JIEB Oacranmkpl KOHLEHTPAUMACHIHBIH  ()OTOKATATUTHKAIBIK
OeJICeHINIKKe dcepiH Oaranay YIIiH 3KCIIEPUMEHTTEp XKYprizinai. JlerpagaunsHeix
MakcuMasIbl TUiMAmri 97,35%-1b1 KypalThIHBI J)KoHE Karanmu3aTopiabl 20 Mr jkoHe
JIEB konieHTpanusicei 10 Mr/a )yKTereHae KoJl )KeTKi3ijaeTiHl anbikTanasl (4(0, B)

Cyper).
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Yakwit (Mun) VYagwr (Mun)

Cyper 4. ®oTokaTaIuTHKAJIBIK bIabIpayabiH JIEB-TiH Kyiiaipy TemmeparypacbsiHa Toye I IUTiriHiH
rpadukrepi (a) cut off cysricimen chiHan mambiHza, (9) chiHam maMsl cayiecinae; STO-1
¢dorokaranuzaropasiy (0) 10 mr/n JIEB koHIeHTpalmsaa KYKTey Maccaiapbl OOWbIHIIIA,

() 20 mMr maccanbIK xKyKkTey ke3inge JIEB koHIeHTpauuscel GOMbIHIIA.
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DoTOKATaTUTHKAJIBIK BIIBIPAY MPOLECIH CaHABIK Oaranay YIIiH nceBno OipiHmmi
PETTi KHHETHKAIBIK Moaenb Konaaneiabl (Heynderickx et al., 2020):

In(Z) =kt o

MYHJAFbl K — JKBIIIaMIBIK KOHCTaHTAChl (MHH'), C0 JKOHE Ct — aHTUOMOTHUKTIH
0acTarnkpl )KOHE aFrbIMJIaFbl KOHIICHTPALIASICHI

AJBIHFaH TOYCNJUNKTEpAl Tajjay peakius IKbULIAMIBIFBIHBIH MaKCHMAaJIIbl
koncrantacel STO-1 yiricine Ton ekenin kepcetemi (0,0383 mmu!) (5-cyper).
dorokaraau3aTop JKYKTEMECiIHIH (OTOKATATUTHKAJIBIK MPOIECC KbUIIaMJIbIFbIHA
acepi 3eprrenai. Hotmwxkecinae, 20 MrjkykTeMe Ke31H/1€ KbIIIaM/IbIK KOHCTaHTAChIHBIH
eH xorapbl MoHI (k= 0,0383 mun") anbikranpl, 10 xoHe 30 Mr )KyKTeMenepinae Oy
kepcetkim coiikecinme 0,0239 sxone 0,0338 muu' Kypaabl. ¥Kcac KHHETHKAIBIK
TEHJICHIIUS )KaHAaCy OCTiHIHayIaHbI MEH KaPBIK COYIeCIHTHIM/TI CIHIPETIH KaTaIH THKAJIBIK
aliMaKTap CaHBIHBIH MTPOMOPIIMOHAIIIBI YIIFatObIHA OaitanbicThl. KepiciHiie, caamarbl
30 Mr karanu3aTrop KYKTEITeH Ke3/e JKbUIJaMJIBIK KOHCTAHTACBIHBIH TOMEHJEYI
Oaiikanaipl, OYJI ONTHKAJIBIK dKpaHIayblH cajijapbl 0ok TaObutaabl. Ochutaiiiia,
(dotokaranuzaropabiH caniMarsl 20 mr skoHe JIEB GacTankel koHIIeHTpausichl 10 mMr/i
90 MUHYT iIT1HIe aHTUOMOTHUKTIH JerpaganuschiHbiH 97,35% -bIH KaMTaMachl3 €Te/Ii.

(a) 54 ® STO-1 y=0003:+0.1386  R'=0.974T (9) ®  goroans y = 0.0048x + 0.1061 R =0.9934
® STO-1 y=0.0075x+0.1049 R!'=0.9841 g4 ® STO-1  y=0.0383x + 01981 R =0.9914
A STO-3 y=00009x +0.1067 R'=0.9662 A4 STO-2  y=0.02455 + 03368 R*=0.0435
4 w OSTO-4  v=0.001x+ 01094 R = 0.959% ¥ STO3  y=0.00143x + 00236 R* = 09964
4 * STO4  y=001TEx + L1875 R* = 09815
&
-
.
-
e < :
g = i
= -

[
[

M 0

pl® w

v 15 3 & &8 75 % 0 15 30 45 60 75 90
Vakbir (Mun) Varwr (Mun)
(6) 54 ®  porooms y = L0048+ 0,1061 R =0,9934 (B) * Smria y =0.0755x + 08701 R =(.9553
& 0wy = L0239 + 00123 R = 1.9932 104 % 10wy = 00383y + 01981 K= 0.9914
A 20wry = DO3E3S 01981 R = 09914 T 1S wrla y= 00309 + 01944 R =099
44 ¥ Mmry= 003385+ 0.2065 R = 9882 &
3
.
33 r =
Y ¢ 6
12 )
= - = 44
1 24
0 04
L] 15 30 45 (1] 75 a0 0 15 30 45 6l 75 90
Vakwir (Mun) YarwT (MmunH)

Cyper 5. IIceBno GipiHmri peTTi Mozenb OOWBIHIIIA KOMITO3UTTEP/IIH (HOTOIETrPaAalHsChIHBIH
KUHETHKAJIBIK KUCBIKTAPhI.
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KopsiTbinabl. KopeITeiHasiiait keme, 0y makaigaga 800—1100°Cremmepatypa
apanbirbinaa cuntesnenren SrTiO; ¢oTokaranu3aropsiapbIHbIH JIEBO(IOKCAMHHIH
(JIEB) doTokaranuTukaibk Aerpagamnns THIMIUTITIHE dcepi 3epTTei.

COM npepekTepi OeIIeKTEpIiH IIaFbIH OJImeMaepi 0ap JaMbIFaH KYpPaMHBIH
KanpInTacyslH kepcerei, STO-1 koMmo3uTi pOTOTOKTHIH MAKCUMAIIIBI THIFBI3ABIFBIMEH
cumaTTajgagpl, Oy 3epTTeNreH YATIep apachlHma (oToreHeparusiIanFad 3aps
TachIMaAayIIbIIapIbIH €H THIMII O6IiHYIH KOpceTei.

JIEB nmerpamamusceiHa apHaIFaH (QOTOKATATUTHUKANBIK cbiHakTap STO-1
KOMTIO3HUITHACH coyienenymin 90 munyThiHaa 97,35% MakcuMaiapl MOHTE JKCTKCHIH
kepcereni. Ilporecti oHTaiianaBIpy OaphICHIHAA (OTOKATATN3ATOPIBIH MacCachl MCH
AHTHOWOTHK KOHIIEHTPANMICHIHBIH (DOTOmETpasanus KHHETHKAChIHA €JeyINi BIKITall
eretiHi anpIKTaNabl. ConsiMeH, JIEB Gacranker koHneHTpanuscsl 10 mr/m Gonranma
koHe QoTrokaTamuzatopasl 20 MTr JKyKTereHae Keieci HoTwkenep ansHabl: STO-1
(97,35%), STO-2 (90,3%), STO-3 (72,7%), STO-4 (81,26%).

AJBIHFaH HOTIDKEJIEP CHHTE3ACNITeH (OTOKATANM3MIK JKYHEIEPMiH aFbIHJIbI
cynapasl dhapMarieBTHKANBIK JlacTaylmIbUIapAaH, COHBIH IMIIHAEC aHTHOMOTHUKTEPACH
Ta3apTyaarsl )KOFaphl KOJITaHOABI OJICYeTiH aifiKbIH MoJIeaehIi. ATaarad 3epTTeyIiH
KeHIHTI JaMy Keyemeri Oy KOMIO3UTTEPHOiH pereHepHpalrsUIany KaOineTiH
(TYPaKTBUIBIFEIH) ’KOHE HAKTHI CY IKOXKYHETIepiHIeT1 TAOUFH YKaFTai1aFrbl PeaKIHsUTBIK
OCIICCHIUTITIH KeIeH i OaralayMeH aiKbIHIaIaIbl.

References

Aravinthkumar K., Praveen E., Jacquline Regina Mary A., Raja Mohan C. (2022). Investigation
on SrTiO3 nanoparticles as a photocatalyst for enhanced photocatalytic activity and photovoltaic
applications. Inorganic Chemistry Communications. — Vol. 140. — P. 109451. https://doi.org/10.1016/].
inoche.2022.109451 (in Eng.).

Chen Y., Zhong Y., Diao Z., Chen D., Kong L. (2025). Photocatalytic generation of electron and hole
for peroxymonosulfate activation to degrade levofloxacin over ZnO/ZnFe204 heterojunction. Journal of
Environmental Chemical Engineering. — Vol. 13. — P. 118233. https://doi.org/10.1016/j.jece.2025.118233
(in Eng.).

Heynderickx P.M., Chaemchuen S., Verpoort F. (2020). Kinetic modeling of heterogeneous
esterification reaction using initial reaction rate analysis: data extraction and evaluation of mass transfer
criteria. Data in Brief. — Vol. 31. — P. 106027. https://doi.org/10.1016/j.dib.2020.106027 (in Eng.).

Iriani Y., Sandi D.K., Hikmah D.N., Afriani R., Nurosyid F., Handoko E., Faquelle D. (2024).
Comparison study of aluminum (Al)-doped strontium titanate (SrAlxTil-xO3; x = 3 % and 5 %)
photocatalyst for methylene blue degradation. Materials Today: Proceedings. — P. S2214785324001688.
https://doi.org/10.1016/j.matpr.2024.03.042 (in Eng.).

Kaiya K., Ueki Y., Kawamoto H., Watanabe K., Yoshino S., Yamaguchi Y., Kudo A. (2024). Water
splitting over transition metal-doped SrTiO, photocatalysts with response to visible light up to 660 nm.
Chemical Science. — Vol. 15. — P. 16025-16033. https://doi.org/10.1039/D4SC03978E (in Eng.).

Kuspanov Z., Serik A., Tattibay A., Baratov A., Abdikarimova U., Bissenova M., Yeleyov M.,
Sakhiyev S., Daulbayev C. (2024). Investigating and correlating the photocatalytic activity of synthesised
strontium titanate nanopowder with calcination temperature. Environmental Technology & Innovation. —
Vol. 36. — P. 103852. https://doi.org/10.1016/j.eti.2024.103852 (in Eng.).

Mathur P., Sanyal D., Dey P. (2021). The optimization of enzymatic oxidation of levofloxacin, a
fluoroquinolone antibiotic for wastetwater treatment. Biodegradation. — Vol. 32. — P. 467-485. https://doi.
org/10.1007/s10532-021-09946-x (in Eng.).

Odabasi Lee S., Moon H.S., Hong I., Lakhera S.K., Yong K. (2024). Hollow SrTiO3 photocatalyst

250




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

with spatially separated OER and HER cocatalysts for photocatalytic overall water splitting. Applied
Surface Science. — Vol. 665. — P. 160298. https://doi.org/10.1016/j.apsusc.2024.160298 (in Eng.).

Patial S., Hasija V., Raizada P., Singh P., Khan Singh A.A.P., Asiri A.M. (2020). Tunable photocatalytic
activity of SrTiO3 for water splitting: Strategies and future scenario. Journal of Environmental Chemical
Engineering. — Vol. 8. — P. 103791. https://doi.org/10.1016/j.jece.2020.103791 (in Eng.).

Porrawatkul P., Pimsen R., Kuyyogsuy A., Rattanaburi P., Nuengmatcha P. (2024). Morphology-
dependent photocatalytic performance of ZnO nanostructures in organic dye and antibiotic degradation.
International Journal of Environmental Science and Technology. — Vol. 21. — P. 7397-7414. https://doi.
org/10.1007/s13762-024-05530-x (in Eng.).

Rabuffetti F.A., Stair P.C., Poeppelmeier K.R. (2010). Synthesis-Dependent Surface Acidity and
Structure of SrTiO, Nanoparticles. The Journal of Physical Chemistry C. — Vol. 114. — P. 11056-11067.
https://doi.org/10.1021/jp101727¢ (in Eng.).

Saya L., Malik V., Gautam D., Gambhir G., Balendra, Singh W.R., Hooda S. (2022). A comprehensive
review on recent advances toward sequestration of levofloxacin antibiotic from wastewater. Science of
The Total Environment. — Vol. 813. — P. 152529. https://doi.org/10.1016/j.scitotenv.2021.152529 (in Eng.).

Serik A., Kuspanov Z., Bissenova M., Idrissov N., Yeleuov M., Umirzakov A., Daulbayev C. (2024).
Effective photocatalytic degradation of sulfamethoxazole using PAN/SrTiO3 nanofibers. Journal of Water
Process Engineering. — Vol. 66. — P. 106052. https://doi.org/10.1016/j.jwpe.2024.106052 (in Eng.).

Vinod Kumar S., Prakash Babu D. (2024). “Perovskite SrTiO3 for photo catalytic and optoelectronic
applications.” Materials Today: Proceedings. — P. S2214785324001032. https://doi.org/10.1016/].
matpr.2024.02.040 (in Eng.).

Wang J., Wang T., Zhao Z., Wang R., Wang C., Zhou F., Li S., Zhao L., Feng M. (2022). Regulation of
oxygen vacancies in SrTiO3 perovskite for efficient photocatalytic nitrogen fixation. Journal of Alloys and
Compounds. — Vol. 902. — P. 163865. https://doi.org/10.1016/j.jallcom.2022.163865 (in Eng.).

Wang L., Lu Y., Wang S., Li M., Zhang L., Ma H. (2025). Efficient Photocatalytic Degradation of
Tetracycline Over a Novel Dual Z-Scheme Bi, O, /ZnTiO, —SrTiO, Composite Photocatalyst. Langmuir.
—Vol. 41. — P. 5848-5859. https://doi.org/10.1021/acs.langmuir.4c04230 (in Eng.).

Xin X., Du S., Xiao Y., Zou H., Bao Y., Qi Y., Jin S., Feng Z., Zhang F. (2025). Facet-dependent
spatial charge separation in a metal-doped SrTiO, photocatalyst with visible light utilization. Chemical
Communications. — Vol. 61. — P. 15393-15396. https://doi.org/10.1039/D5SCCO04308E (in Eng.).

XuT., Tang X., QiuM., Lv X., Shi Y., Zhou Y., Xie Y., Naushad Mu., Lam S.S., Ng H.S., Sonne C., Ge
S.(2023). Degradation of levofloxacin from antibiotic wastewater by pulse electrochemical oxidation with
BDD electrode. Journal of Environmental Management. — Vol. 344. — P. 118718. https://doi.org/10.1016/].
jenvman.2023.118718 (in Eng.).

Yang Z., Chen Y.-W., Jin Y.-F., Jin Z., Xie H.-S., Cong X.-S., Teng D.-G. (2024). Ni, Co-Embedded
MOF-Derived N-Doped Bimetallic Porous Carbon for Adsorption—Photocatalytic Degradation of Organic
Dyes and Antibiotics. ACS Omega. — Vol. 9. — P. 11356-11365. https://doi.org/10.1021/acsomega.3¢07420
(in Eng.).

Yuan Z., Guo M., Shi Q., Liang S., Chen Z., Wang S., Chen D., Jiang X., Wei F., Liang Z. (2024).
Preparation and piezoelectric assisted photocatalytic degradation of BaTiO3/SrTiO3 nanocomposites.
Ceramics International. — Vol. 50. — P. 34890-34900. https://doi.org/10.1016/j.ceramint.2024.06.299 (in
Eng.).

251




Publication Ethics and Publication Malpractice in the journals of the
«Central Asian Academic Research Center» LLP (Almaty)

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the work described has not been published previously (except in the form of an abstract or as
part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the originality detection service Cross Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
onh accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of sciences of the Republic
of Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

Requirements for articles design for publication in the journal are available on the websites:
www:nauka-nanrk.kz
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
http://reports-science.kz/index.php/en/archive

Managing Editor: T. Apendiev
Editors: D.S. Alenov, A.Shormakova
Computer layout: G.D. Zhadyranova

Signed for print: September 29, 2026
Format: 7090 1/16. 34.5 printed sheets. Order No. 3.

«Central Asian Academic Research Centery LLP
Almaty, Shevchenko Street, 28



